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Mechanisms of Contact Photosensitivity in Mice: II. Langerhans Cells 
Are Required for Successful Induction of Contact Photosensitivity to 
TCSA 
YOSHIKI MIYACHI, M.D., AND MASAHIRO TAKIGAWA, M.D. 
Department of Dermatology, Faculty of M edicine, Kyoto University, Kyoto, Japan 
The role of Langerhans cells in the induction of contact 
photosensitivity (CPS) to tetrachlorosalicylanilide 
(TCSA) was investigated in mice. CPS was induced by 2 
daily paintings of 50 pI of 1 % TCSA in acetone plus black 
light irradiations for 2.5 hr. Both ears were challenged 
vvith 20 pI of 0.1% TCSA in ethanol plus black light 
irradiation for 2.5 hr on day 5, and ear thickness was 
read at 24 hr. The density of LCs detected as ATPase-
positive cells dramatically decreased 2 days after expo-
sure to UVB. CPS was not induced by painting the pho-
to allergen to the skin which had been pre-irradiated 
vvith UVB. The ear swelling response returned to the 
normal level when the mice were sensitized 12 days after 
UVB exposure in accordance with the complete regen-
eration of ATPase-positive cells. Dose of UVB in the 
present study did not affect the development of CPS 
through systemic mechanism. These demonstrations in-
dicate that LCs play an important role in the induction 
of CPS. 
Contact photosensitivity (CPS) induced by various drugs and 
chemicals has been widely recognized as adverse photoallergic 
reactions in man. Harber, Baer and Bickers [1] speculate that 
CPS is a form of a cell-mediated delayed-type hypersensitivity 
(DTH), which, except for the requirement of light exposure, 
corresponds immunologically and clinically to ordinary contact 
sensitivity. Evidence for this has in part come from the experi-
mental demonstrations including the induction of CPS in guinea 
pigs [2], passive transfer with immune peritoneal exudate cells 
[3], macrophage migration inhibition test [4] and lymphocyte 
blast transformation test [5). 
Recently, we have induced CPS to TCSA in mice (Takigawa 
M, Miyachi Y, submitted for p ublication). The procedure em-
ployed was essentially the same as the techniques to study 
contact sensitivity to trinitrochlorobenzene (TNCB) or dinitro-
fluorobenzene (DNFB), except for ultraviolet (UV) irradiation 
at induction and elicitation of the sensitivity. The photosensi-
tive reactions were mediated by immune lymph node T cells 
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and identity of the major histocompatibility complex (MHC) 
between the donor of immune cells and the recipient was 
necessary for transfer of the sensitivity. These results provide 
clear evidence that CPS to TCSA in mice is a T cell mediated 
DTH reaction. 
LCs, derived from preClll'sor cells in the bone marrow [6-8], 
are the only epidermal cells which bem' Fc-lgG and C3 recep-
tors, and la-antigens [9-14). 
It has recently been shown that these cells are critical for the 
initiation of contact sensitivity [15-17], though not an absolute 
requirement [18). Lv. injection of hapten-pulsed LC-enriched 
epidermal cells results in induction of contact sensitivity but 
not tolerance to that hapten in vivo [19). In vitro proliferation 
response of immune T cells is evoked by hapten-conjugated LC 
rich populations [20, 21). It is assumed that LCs take up 
antigenic materials as epidermal macl'Ophages [22-24] in the 
skin and present immunologically relevant determinants to T 
lymphocytes [25-27] at the periphery (in the skin) and/or at 
the dJ'aining lymph nodes [28, 29]. We have tried to answer the 
most pertinent question-whether LCs play an important role 
in the initiation of CPS to TCSA. It is shown that CPS is not 
induced by painting the photoallergen to the skin which is 
preirradiated with UVB, a known method to deplete functional 
LCs. 
MATERIALS AND METHODS 
Anima.ls 
Albino female ICR mice, 8 to 12 weeks old, were used. 
Chem.icals 
3,3',4', 5-tetrachlorosalicylanilide (TCSA) was purchased from East-
man Kodak Co., Rochester, N.Y. 
Ultraviolet Light Source 
Sun lamp (FL20 SE) emitting mainly 280 to 320nm (UVB) and black 
light (FL20 BLB) emitting 300-420nm (mainly long·wave UV, peaking 
at .360nm) were purchased from Toshiba E lectric Co., Tokyo, Japan. 
The energy output with three 20 w tubes of sun lamp and black light 
at a distance of 20 cm was about 2.1 mw/ cm2 (at 305 nm) and 2.7 mw/ 
cm2 (at 365nm), respectively. 
Sensitiza.tion and Elicitation of CPS 
The procedure was described previously. In brief, mice were painted 
with 50 ,u of 1% TCSA in acetone to the clipped skin of the abdominal 
wall and, within 30 min, the site was irradiated with 3 tubes of black 
lights at a distance of 20 cm for 2.5 hr on day 0 and 1. Light passed 
through a pane of window glass (3-mm thick). The energy output was 
approximate ly 2.2 mw/ cm2 (at 365 nm) and 0.15 mw/ cm2 (at 305 nm). 
On day 5, a ll mice were challenged on both sides of the ear lobe with 
painting of 20 ,.u of 0.1% TCSA in ethanol and subsequent irradiation 
with 3 black lights at a distance of 20 cm for 2.5 hr. 
Before elicitation, the basal line thickness of both ears was measured 
with a dial thickness gauge (Peacock, Tokyo, Japan). Ear thickness was 
measured 24 hI' after the UV irradiation and expressed as the mean 
increment in thickness above basal line control values. 
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UVB Treatment 
Shaved abdominal wall skin of mice received 40 mJ/cm2 To examine 
systemic effects of UVB treatment on CPS, mice were exposed to sun 
la mps (40 mJ/cm2) alone on the abdominal body wall skin on day -4 
or -2 and then sensitized on the nonirradiated dorsal body wall skin on 
day 0 and 1. 
Staining for LCs 
LCs were stained with the method of Mackenzie and Squier [30] as 
modified by Julin and Shelly [31). Epidermis was separated from 
underlying dermis by incubation in buffered EDTA for 2 hr at 37°C. 
The separated epidermis was placed in normal saline for 30 min at 
room temperature and then immersed in cacodylate-formaldehyde 
solution for 20 min at 4 ac. After rinsing in distilled water , the epidermis 
was processed in ATP-Pb solu tion at 37°C for 15 min and in ammonium 
sulfide solution for 20 min at room temperature. After the final wash in 
distil led water, the specimen was mounted in glycerine jelly. The 
number of LCs covering an area of 0.04 mm2 was counted by examining 
ATPase positive cells in specimens at high power (x 400) and was 
expressed as cells/mm2. 
RESULTS 
Effects of UVB Irradiation on the Number of A TPase-
Positive Cells 
The density of LCs detected as ATPase-positive cells in the 
epidermis of the abdominal wall was determined before and at 
various times after UVB treatment. The number was not 
changed immediately after UVB exposure. However, ATPase-
positive cells dramatically decreased 2 days after exposure to 
UVB, began to increase thereafter and regenerated to the 
normal level by 12 days. 
Correlation between the Degree of CPS and the Number of 
ATPase-positive Cells 
Applications of TCSA plus irradiations with UV A to the 
normal abdominal wall skin resulted in strong sensitization (Fig 
1). The capacity of mice to sustain induction of CPS to TCSA 
was neither impaired nor enhanced if immunized immediately 
after UVB treatment. However, pretreatment of normal abdom-
inal wall skin with UVB and the subsequent sensitization at t he 
same site gave poor immunologic responses. Ear swelling re-
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The effect of UVB on the number of ATPase-positive cell density 
and CPS to TCSA in mice. Abdominal wall skin was treated with UVB 
(40 mJ/cm2) on day O. ATPase-positive cell density was determined 
and mice were photosensitized on days 0.2,4,6,12, and 18, respective ly. 
Each group of mice was ear cha llenged on day 5. Positive controls 
received no UVB treatment. Nonsensitized negative contro ls received 
only ear challenge. Bars represent mean ATPase-positive cells on the 
left panel and ear swelling for groups of 5 mice ± 1 $0 on the right 
pane l. Each ear increment was compared with the positive control and 
expressed as a p value using Student's t-test. N.S. = not significant. 
% Su lresslon = 1 - . . . x . . (
experimental - negative contrOl) 100 
PI positive contro l - negative control 
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Systemic effects of UVB irradiation on CPS to 7'CSA 
Day of UVB exposure to ab-
dominal wall skin" 
Em' swelling response (x 10-" em ± SO) 
Sensitization 
Abdominal 
Body skin 
-4 2.4 ± 0.9 
-2 1.2 ± 1.0 
None 5.5 ± 2.2 
" Each group consisted of 5 mice. 
h By Student's t-test. 
,. Not s ignificant. 
Site p value" 
Dorsal 
Body skin 
5.6 ± 1.5 p < 0.01 
5.2 ± 2.5 p < 0.001 
5.6 ± 1.9 N.S.'· 
sponse was completely suppressed to the level of negative 
control (p < 0.005) in mice sensitized 2 days after UVB treat-
ment. The response returned to the normal level 12 days after 
UVB exposure in accordance with the complete regeneration of 
ATPase-positive cells. 
Systemic E ffects of UVB Treatment on CPS 
It is possible that the inability of UVB-treated mice to have 
CPS is due to systemic effects of UVB and not to local effects 
on the site of immunization. Two or 4 days after UVB exposure 
to the abdominal skin , some groups of mice were sensitized 
with TCSA plus black light irradiation on the dorsal skin 
(Table). Although CPS was abolished. in the mice sensitized on 
the abdominal skin, the degree of responsiveness of the mice 
received UVB on the abdomen and photosensitized on the 
dorsal skin was as strong as that of positive controls. This 
indicates that pretreatment of UVB does not affect the devel-
opment of CPS through systemic mechanism. 
DISCUSSION 
Recent experiments have provided evidence that LCs are 
antigen processing cells in the induction of contact sensitivity. 
Based on the cunent model of T cell recognition, it can be 
postulated that T cells are activated by contact hapten to 
become DTH effector cells in the context of the self MHC gene 
products on the surface of LCs. Surface densitities of LCs as 
detected by the ATPase reaction are not uniform in various 
portions of the body [32] and LC-poor skin such as the tail skin 
seems to lack certain essential functions relating to the immu-
noreactivity [33]. There is a clear parallel correlation between 
the number of LCs and the reactivity, since the skin loses the 
capacity to sustain contact sensitivity following exposm'e to 
UVB which depletes LCs, but regains the ability in accord with 
regeneration of LCs [15-17]. More recently, it is shown that 
UV-induced impairment of antigen presenting functions of Les 
is due to a loss of modulation of 1a antigens [34]. 
We have recently demonstrated that CPS in mice is a form 
of DTH which, except for the requirement of UV irradiation, in 
all other respects corresponds to ordinary contact sensitivity. 
Therefore, the present result that LCs play a crucial role in 
hapten processing in CPS was a theoretical consequence de-
rived from our previous study. It can be argued th at the 
impaired immune photo responses to TCSA may result from 
systemic effects of UVB irradiation [35-37]. However, dose of 
UVB used in the present study has been proved to have no 
capacity to insult the development of CPS as shown in the 
Table. 
Two hypothesis have been put forward to explain the for-
mation of photoallergens [1]; One hypothesis is that the pho-
toallergen is a hapten, which binds to the carrier protein via 
radiation. Another theory suggests that the photosensitizer is 
a prohapten, which is converted to the complete hapten by 
irradiation. In any event, it is likely that TCSA binds to MHC 
gene products of LCs via UV irradiation, to which T ceUs are 
sensitized. Thus, preuTadiation of the skin with UVB abrogates 
the ability of LCs to modulate such gene products to form 
photoantigens with TCSA. 
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The above interpretation may also account for the low inci-
dence of photoallergic contact dermatitis among DTH reactions 
in huma n [38,39], because this photoreaction must be induced 
in chronically sun exposed skin, i. e., LCs depleted skin. A 
decreased response to dinitrochlorobenzene (DNCB) sensitiza-
tion in sundamaged h uman skin [40] further supports this 
notation. 
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